A patient with Salmonella muenchen sepsis was unsuccessfully treated with ampicillin. During therapy, four strains that showed stepwise ampicillin resistance and affected other P-lactams and unrelated antibiotics were isolated sequentially. Resistance was caused by decreased outer membrane permeability associated with diminished expression of porin OmpF. Furthermore, the most resistant isolate overproduced the PBP 3 target molecule.
Some gram-negative bacilli that are initially susceptible become resistant during therapy. Such resistance is uncommon during ,-lactam therapy of salmonellosis. On one occasion, resistance developed during cephalexin therapy of a Salmonella typhimurium infection and was caused by the loss of the OmpC porin (7). Here we report another case of resistance in a Salmonella sp. which showed several interesting features.
We used the API 50E system (API International SA, Geneva, Switzerland) for biotype identification, antisera from Behring Werke AG (Marburg, Federal Republic of Germany) for serotyping, and bacteriophage 0:1 (Institut Pasteur, Paris, France) (1, 2) for phage typing. MICs were determined by agar dilution (6) . Ceftriaxone and [14C]ceftriaxone (30.11 ,uCi/mmol) were kindly provided by HoffmannLa Roche and Co. Ltd., Basel, Switzerland.
[14C]benzylpenicillin (58.9 mCi/mmol) was purchased from Amersham, Buckinghamshire, England. P-Lactamase activity in the crude extract was measured spectrophotometrically with nitrocephin as the substrate (6) . Induction was assessed as described previously (3) .
Membrane proteins were separated by sodium dodecyl sulfate-discontinuous polyacrylamide gel electrophoresis, and penicillin-binding protein (PBP) assays were performed as described previously (10, 12) .
For uptake experiments, cells were grown in antibiotic medium 3 (Difco Laboratories, Detroit, Mich.), harvested in the late exponential phase (optical density at 650 nm, 0.75 to 0.80), and suspended in 50 mM phosphate buffer (pH 7; 1 g/30 ml [wet weight]). A 50-[Ld portion of ['4Clceftriaxone (10 jig/ml) was added to 450 pl of the bacterial suspension at 25°C. Cell suspensions were rapidly filtered through glass microfiber filters (0.7-,um-pore size, 2.5-cm diameter; Whatman International Ltd., Maidstone, England) prewetted with 2 ml of cold antibiotic solution (1 ,ug/ml). Filters were immediately washed with 2 ml of cold antibiotic solution, washed twice with phosphate buffer, and dried for 2 h at 80°C. Radioactivity was determined in 2 ml of Lumagel SB (Lumac/3M bv, Schaesberg, The Netherlands) in an LS-7500 counter (Beckman Instruments, Inc., Fullerton, Calif.).
Salmonella munchen sepsis was diagnosed in a 7-month-* Corresponding author.
old boy who had recently received amoxicillin for another infection. Therapy included three doses of cefuroxime empirically and then ampicillin at 300 mg/kg per day for 9 days. Fever persisted, and four S. muenchen strains were sequentially isolated during ampicillin therapy from feces (strain S1), blood (strain S2), and cerebrospinal fluid (strains S3 and S4); they belonged to the same biotype and serotype (serotype 6;8:d:1,2). Strain S1 was resistant to phage 0:1, whereas the three other strains were susceptible. All isolates contained a plasmid of 3.3 megadaltons, and isolate S1 harbored an additional plasmid of 1.5 megadaltons. MICs of ampicillin, cephalothin, and ceftriaxone (Table 1) increased gradually from strains S1 to S4. Less regular increases were observed with the other antibiotics. All strains produced low levels (about 0.1 mU/mg of protein) of a noninducible ,-lactamase. In outer membrane protein electrophoresis, the two most resistant strains showed less of the 36-and 47-kilodalton (kDa) bands but more of the 35-and 37-kDa bands (Fig. 1) than the earlier strains. Strain S2 expressed more of the 52-kDa proteins than did the other strains. After exposure to
[14C]ceftriaxone labeling, the radioactivity bound by intact cells decreased gradually from strains S1 to S4 (Fig. 2) . Initial uptake rates, defined as the amount of radioactivity incorporated during the first minute, were 533 + 55, 276 + 45, 186 + 15, and 148 ± 10 cpm (or counts per 109 CFU), respectively, for strains S1, S2, S3, and S4 (all determined to be significantly different by the Student t test [P < 0.05]). In the PBP autoradiograms one fraction bound more radioactivity in strain S4 than in the three other strains (Fig. 3) . Competition assays showed that this fraction (number 5 in Fig. 4 ; apparent molecular weight, 61,000) was inhibited by aztreonam. These data suggested that the fraction overexpressed in strain S4 corresponded to PBP 3 (12) .
Even though the phage type and plasmid content were different in strain S1, the four S. muenchen strains, which are uncommon pathogens in Switzerland and which shared identical biotypes and serotypes were likely descendants of the same parent strain. We assume that resistance was neither the result of the very low ,B-lactamase production nor plasmid mediated (the additional plasmid was harbored by the most susceptible isolate).
In all likelihood resistance was associated with retarded ANTIMICROB. AGENTS CHEMOTHER. entry of the drug into the bacterium. Structurally unrelated antibiotics were affected, as in other cases (6) in which resistance was the result of altered permeation through the outer membrane. Consistently decreasing [14C]ceftriaxone uptake rates correlated with increasing ceftriaxone MICs. In addition, the strains displayed different outer membrane protein patterns, but these changes did not offer an immediate explanation of the reduced uptake rates because modifications of the outer membrane protein fractions were multiple. S. typhimurium contains three porins (7), OmpD, OmpF, and OmpC, with apparent molecular weights of 34,000, 35,000, and 36,000, respectively (8) . Whether the pverexpression of PBP 3 in the last isolate accounted for-the fourfold greater resistance of S4 than of S3 is difficult to determine. PBP 3 is an essential PBP in Escherichia colLwyith peptidoglycan polymerase and transpeptidase activities (10, 11) . Overproduction of a target molecule has already been associated with methicillin resistance in Staphylococcus aureus (5) . In the absence of significant ,B-lactamase production, altered permeability might not itself be sufficient for reaching the highest levels of resistance. Conversely, PBP alteration is probably more effective when fewer ,-lactam molecules can penetrate into the periplasmic space.
